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INFORMATION PROCESSING APPARATUS,
INFORMATION PROCESSING METHOD,
AND RECORDING MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a technique for perform-
ing control to distribute a job among a plurality of appara-
tuses respectively having similar functions.

Description of the Related Art

In an apparatus such as an 1mage forming apparatus, a
service engineer visits a location where the apparatus 1s
installed to perform maintenance work such as part replace-
ment. The 1image forming apparatus to be a maintenance
target 1s installed in various locations such as an oflice of
each user. If the number of times of maintenance increases,
the number of visits made by the service engineer and a
traveling distance increase. Therefore, the number of times
ol maintenance 1s more preferably reduced by replacing a
plurality of parts as collectively as possible than performing,
maintenance every time each of the parts needs to be
repaired or replaced.

A technique for implementing maintenance work such as
part replacement all at once 1s discussed 1n Japanese Patent

Application Laid-Open No. 2006-21570. Japanese Patent
Application Laid-Open No. 2006-21570 discusses a method
for predicting an amount of degradation for each of a
plurality of consumables used 1n an 1mage forming appara-
tus and recommending the consumables that may be prei-
erably replaced 1n a collective manner at a timing of next
maintenance work depending on the predicted amount of
degradation.

However, in the technique discussed 1n Japanese Patent
Application Laid-Open No. 2006-21570, the consumable,
which has been determined to be degraded, becomes a
replacement target at the timing of the next maintenance
work even 1f the number of times i1t can operate remains. In
this manner, when the usable consumable 1s replaced, the
remaining life of the consumable will be wasted. Therelore,
a part cost corresponding to a remaining usable amount of
the plurality of consumables 1s generated by merely replac-
ing the consumables 1n a collective manner at the timing of
the maintenance work.

If there 1s a consumable whose number of operable times
1s predicted to reach zero before the timing of the next
maintenance work, the apparatus becomes unable to operate
before the maintenance work so that downtime of the
apparatus occurs. To avoid this, 1f the maintenance work 1s
performed belfore a scheduled timing, a plurality of times of
maintenance work, including scheduled maintenance work,
1s performed. Therelfore, a visit cost of the service engineer
rises, and a plan for the maintenance work needs to be
reviewed.

In this manner, even if the life of a part such as a
consumable 1s predicted, a maintenance cost such as a part
cost or a visit cost 1s incurred as long as a timing at which
the life of the part expires differs from a timing ol mainte-
nance work.

Similarly, 1n a case where a plurality of 1image forming

apparatuses 1s installed in the same oflice, 1f a timing at
which the life of each of the image forming apparatuses
expires differs from a timing of maintenance work, the
maintenance work needs to be performed each time the life
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2

of any of the image forming apparatuses expires, which
takes many maintenance costs.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, an
information processing apparatus includes a first prediction

umt configured to predict, for at least one of a plurality of
parts 1n a plurality of apparatuses, each of the apparatuses
capable of processing a job to be 1nput, a job amount that can
be processed until the part becomes unable to operate
normally, a second prediction unit configured to predict a job
amount to be mput to the plurality of apparatuses until
maintenance work in which at least one of the parts 1s
replaced 1s performed, and a determination unit configured
to determine a method for distributing the mnput job among
the plurality of apparatuses based on respective prediction
results of the first prediction unit and the second prediction
unit.

Further features of the present invention will become
apparent irom the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a software configuration of an informa-
tion processing apparatus according to a first exemplary
embodiment.

FIGS. 2A and 2B illustrate a job distribution method
according to the first exemplary embodiment.

FIG. 3 1s a flowchart 1llustrating a processing flow of the
information processing apparatus according to the {irst
exemplary embodiment.

FIG. 4 illustrates a maintenance cost function according,
to the first exemplary embodiment.

FIG. 5 1s a conceptual diagram illustrating a case where
a different maintenance timing 1s set for each information
processing apparatus according to the first exemplary
embodiment.

FIG. 6 1s a flowchart illustrating a processing flow of an
information processing apparatus according to a second
exemplary embodiment.

FIG. 7 1s a graph illustrating a relationship between
respective maintenance costs and a plurality of failure
occurrence timings according to the second exemplary
embodiment.

FIG. 8 1s a flowchart illustrating a processing flow of an
information processing apparatus according to a third exem-
plary embodiment.

FIG. 9 1s a flowchart 1llustrating a processing flow of an
information processing apparatus according to a fourth
exemplary embodiment.

FIG. 10 1s a diagram brnefly illustrating an evaluation
value according to the fourth exemplary embodiment.

DESCRIPTION OF TH

(L]

EMBODIMENTS

A first exemplary embodiment will be described below.
The present exemplary embodiment provides a technique
applicable to a situation where a plurality of apparatuses
capable of processing the same job can be used. For
example, a large oflice or a light printing industry may own
a plurality of image forming apparatuses for the purpose of
improving throughput and preparing for an occurrence of
downtime. While a target apparatus 1s described below as
being an 1mage forming apparatus in the present exemplary
embodiment, the present exemplary embodiment 1s also
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applicable to an apparatus other than the image forming
apparatus. The target apparatus 1n the present invention may
be any apparatus as long as a plurality of apparatuses
respectively having similar functions to that of the apparatus
1s 1nstalled near the apparatus and can execute a certain job.
An example of the apparatus to which the present exemplary
embodiment 1s applicable includes a plurality of production
lines and manufacturing apparatuses having the same manu-
facturing capacity.

In the 1mage forming apparatus according to the present
exemplary embodiment, units such as a toner cartridge, a
drum, and a fixing unit are respectively replacement parts,
and one apparatus includes a plurality of replacement parts.
However, the present exemplary embodiment 1s also appli-
cable to a case where one apparatus includes at least one
replacement part. A service engineer replaces the parts, as
needed, at a time of regular maintenance work. The main-
tenance work also includes cleaming and adjustment of the
part in which a failure may occur to normally operate the
apparatus i addition to the work for replacing the part. A
target of failure prediction and maintenance may not the part
but the apparatus 1tself.

In the present exemplary embodiment, a “job amount™
indicates a unit of operation of an apparatus, and 1s, 1 the
apparatus 1s the image forming apparatus, the number of
prints (a counter value of the image forming apparatus), for
example. If the number of prints 1s the job amount, a
consumed amount of the part differs depending on the size
of sheets to be printed. Therefore, the reference sheet size 1s
set. When sheets of the other sheet size are printed, the job
amount may be calculated based on the converted value. If
the A4 size 1s set as the reference sheet size, for example, one
print of the A4 size 1s set as one job. A print of the A3 size
1s converted as two jobs. The job amount may be corrected
depending on a print amount and a print density on a sheet
for each of the prints. If a print having a high print density
1s made, for example, correction 1s provided so that the job
amount 1ncreases.

The job amount 1s not limited to the number of prints.
Another criterion representing a unit of operation ol an
apparatus may be used. As another example of a unit of
operation of the image forming apparatus, a print instruction
including printing of a plurality of pages as a set may be one
job. It the target apparatus 1s an apparatus other than the
image forming apparatus, a job amount may be set based on
a criterton appropriate for a unit of operation of the target
apparatus. If the target apparatus 1s a manufacturing appa-
ratus, for example, processes for producing one product may
be one job.

In the present exemplary embodiment described below, a
job amount to be processed until a certain part does not
satisty expected function and performance due to degrada-
tion and wear 1s predicted as a job amount to be processed
until a failure occurs 1n the part. However, the job amount
may be a job amount to be processed until a consumable
such as toner 1s consumed to its usable limit. In the following
description, states where a part and an apparatus becomes
unable to operate normally, including a sudden failure and
an expiration of a life due to wear and consumption, are
collectively referred to as a “failure”.
<Entire Configuration>

The present exemplary embodiment will be specifically
described below with reference to the drawings. FIG. 1 1s a
block diagram illustrating a software configuration of an
information processing apparatus 100 according to the pres-
ent exemplary embodiment. In FIG. 1, apparatuses 101 to
10N are N apparatuses respectively having similar func-
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tions, 1.e., 1mage forming apparatuses installed 1n the same
oflice 1n the present exemplary embodiment. The 1informa-
tion processing apparatus 100 1s connected to the appara-
tuses 101 to 10N via a network (e.g., a local area network
(LAN)).

The information processing apparatus 100 can be 1mple-
mented by executing soitware (a program) acquired via a
network or various information recording media using a
computer including a central processing unmit (CPU), a
memory, a storage device, an input/output device, a bus, and
a display device. The computer may be a general-purpose
computer, or may be hardware suitably designed for a
program according to the present invention. The information
processing apparatus 100 may exist as an independent
processing apparatus, as illustrated in FIG. 1, or may be
configured 1ntegrally with any one of the apparatuses 101 to
10N.

The information processing apparatus 100 includes a
communication unit 111, a failure prediction unit 112, a total
10b amount prediction unit 113, a usage history storage unit
114, a job distribution method creation unit 115, a job
distribution unit 116, and a job input unit 117. The commu-
nication unit 111 1s an 1nterface for transmitting and receiv-
ing information to and from the apparatuses 101 to 10N. The
tailure prediction unit 112 functions as a first prediction unit
in the present invention, and performs processing for acquir-
ing information about respective internal states of the appa-
ratuses 101 to 10N wvia the communication unit 111 and
predicting the occurrence of a failure of each part in each of
the apparatuses. While the failure prediction unit 112 1s
included 1n the mformation processing apparatus 100 in the
present exemplary embodiment, the failure prediction unit
112 may be included in each of the apparatuses 101 to 10N.
In this case, the failure of the part 1n each of the apparatuses
1s predicted within the own apparatus, and a failure predic-
tion result i1s transmitted to the mformation processing
apparatus 100.

The usage history storage unit 114 stores a past usage
history of each of the apparatuses or all of the apparatuses.
The total job amount prediction unit 113 functions as a
second prediction unit 1n the present invention, and predicts
a total job amount to be processed by all of the apparatuses
101 to 10N up to a timing of next maintenance work based
on information stored 1n the usage history storage unit 114.
A user himselt/herself may predict and input a job amount
to be processed until the next maintenance work, as
described below. In the case, the total job amount prediction
unit 113 and the usage history storage unit 114 may not be
included in the mformation processing apparatus 100.

The job distribution method creation unit 115 creates a
method for distributing the job among the apparatuses based
on the total job amount to be processed until the next
maintenance work and the failure prediction result of each
part. More specifically, the job distribution method creation
unmit 1135 functions as a determination unit that determines
the job distribution method. In the present exemplary
embodiment, a maintenance cost mainly including a down-
time cost and a part cost 1s set as an evaluation value, and
the job distribution method creation unit 115 creates the job
distribution method 1n which the evaluation value (mainte-
nance cost) 1s mimmized. A method for calculating the
maintenance cost will be specifically described below 1n the
following exemplary embodiment.

The job distribution unit 116 1s a functional unit that
distributes the job based on the job distribution method
created by the job distribution method creation unit 115, and
distributes the job mput from the job 1nput unit 117 to any
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one of the apparatuses 101 to 10N via the communication
unit 111. The job input unit 117 1s a functional unit that
receives print data related to execution of a print. The print
data may be acquired from the communication unit 111 via
a network, or may be acquired from another user interface.

The outline of the present exemplary embodiment will be
described below. FIG. 2 illustrates the job distribution
method 1n the present exemplary embodiment. FIG. 2 illus-
trates a relationship among a job amount to be processed by
cach of the apparatuses 101 to 10N up to the next mainte-
nance timing, a failure occurrence time, and a maintenance
timing. A horizontal direction in FIG. 2 indicates an elapse
of time. In the present exemplary embodiment, each of the
apparatuses 101 to 10N includes parts A and B. Timings 201
to 204 and timings 221 to 224 respectively indicate pre-
dicted failure occurrence times, and a timing 210 1ndicates
a predetermined maintenance timing.

FIG. 2A illustrates a relationship between the failure
occurrence times predicted when the same job amounts v',
to v',; are respectively distributed to the apparatuses 101 to
10N up to the next maintenance timing and the maintenance
timing 210. In a case where the maintenance work 1s
performed based on prediction of a failure, the part, which
1s predicted to fail at a time not far from the maintenance
timing 210, 1s also replaced at the maintenance timing 210.
In FIG. 2A, the failure occurrence times 201 to 204 are close
to the maintenance timing 210. Therefore, the parts A and B
in the apparatus 101, the part B 1n the apparatus 102, and the
part A in the apparatus 10N are replaced at the maintenance
timing 210.

However, in this case, the part B in the apparatus 102 (the
tailure occurrence time 203), for example, 1s replaced before
being completely consumed. More specifically, a usable
amount of the part B 1n a period corresponding to an arrow
211 1s wasted, thereby generating a part cost. On the other
hand, the part A 1n the apparatus 10N (the failure occurrence
time 204) 1s predicted to fail at the timing 204 before the
maintenance timing 210. In this case, maintenance 1s not
performed up to the maintenance timing 210. Therefore, the
apparatus 10N cannot be used during a period 212, thereby
generating a downtime occurrence cost.

The present exemplary embodiment aims at adjusting a
10b amount to be distributed among the apparatuses to bring
a failure occurrence time closer to a maintenance time to
reduce the part cost and the downtime occurrence cost. FIG.
2B 1llustrates a case where job amounts v, to v, are set to
bring the failure occurrence time of each of the apparatuses
closer to the maintenance timing 210. More specifically, 1n
FIG. 2B, the job amounts v, and v, are set larger and the job
amount v, 1s set smaller than the job amounts v'; to V',
illustrated 1n FIG. 2A (the sizes of arrows indicating the job
amount v' and the job amount v in FIGS. 2A and 2B,
respectively, indicate job amounts). When the job amounts
are thus set, the parts 1n each of the apparatuses 101 and 102
are consumed earlier than when the job amounts are made
uniform, and the respective failure occurrence times 221,
222, and 223 of the parts become closer to the maintenance
timing 221. As a result, the part can be replaced at the next
maintenance timing without a remaining usable amount of
the part, so that the part cost decreases. On the other hand,
in the apparatus 10N of FIG. 2B, 1n which the job amount
to be processed 1s reduced compared to that in FIG. 2A, the
tailure occurrence time of the part becomes late, and thus the
tailure occurrence time 224 becomes closer to the mainte-
nance timing 210. As a result, there 1s no period during
which downtime may occur, so that a downtime occurrence
cost decreases.
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As described above, 1n the present exemplary embodi-
ment, the job amounts v, to v,; (Job distribution methods) to
be processed by the plurality of apparatuses until the next
maintenance are found, so that the failure prediction time
matches the maintenance timing as much as possible. A
method for thus distributing the job among the plurality of
apparatuses will be described below.
<Processing Flow>

In the present exemplary embodiment, a next mainte-
nance timing 1s previously determined, and 1s determined
according to a visiting plan made by a service engineer for
an apparatus that the service engineer i1s in charge of, for
example. In this case, the information processing apparatus
100 has a function of obtaining the visiting plan (informa-
tion about a maintenance timing of the apparatus) deter-
mined by the service engineer. As another example of a
method for determining the maintenance timing, a user of an
apparatus may previously determine the maintenance timing
and request maintenance of the service engineer while
inputting information about the maintenance into the appa-
ratus.

The entire processing tlow of the information processing,
apparatus 100 according to the present exemplary embodi-
ment will be described first with reterence to FIG. 3, and
then details of processing by each of the functional units wall
be described below.

In FIG. 3, 1n step S301, the failure prediction umt 112
predicts a failure of each part in each of the apparatuses 101
to 10N, and calculates a job amount e, , (hereinafter reterred
to as a predicted job amount) until a failure occurs 1n a part
p 1n an apparatus n. In step S302, the job distribution method
creation unit 115 then selects the part required to be replaced
in next maintenance based on the predicted job amount e,
for each part.

On the other hand, 1 step S3035, the total job amount
prediction unit 113 predicts a total job amount V that 1s
predicted to be processed by all of the apparatuses 101 to
10N until the next maintenance. Specifically, and the total
job amount prediction unit 113 calculates the total job
amount V that 1s predicted to be processed up to a mainte-
nance timing from a past used amount of each of the
apparatuses 101 to 10N stored in the usage history storage
umt 114 and a period of time elapsed until a scheduled
maintenance timing (maintenance date).

In step S303, the job distribution method creation unit 115
then calculates a maintenance cost from the predicted job
amount e, , the total job amount V, and a next maintenance

timing D for the part selected as a replacement target of the
next maintenance, and calculate a job distribution method in
which the maintenance cost 1s minimized.
<Failure Prediction Unit>

Details of processes performed in steps of FIG. 3 will be
described below. First, the process performed 1n step S301
by the failure prediction unit 112 will be described below.
The failure prediction unit 112 acquires information about
an 1nternal state of each of the apparatuses via the commu-
nication unit 111, and outputs a predicted job amount as a
remaining usable amount of each part 1n each of the appa-
ratuses. Examples of the internal state of the apparatus, 11 the
apparatus 1s the image forming apparatus, include a used
amount of toner, a frequency and a pattern of the occurrence
of an event (a jam, an alarm, or an error), and counter values
such as the number of prints and an amount of drum rotation.
The internal state of the apparatus also includes sensor
information about a vibration sensor, a temperature sensor,
and a current sensor 1 the 1mage forming apparatus. The
tailure prediction unit 112 may use not only information
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about the current internal state but also information about
internal states accumulated 1n the past.

The expiration of life of a consumable part 1s also referred
to as a failure in the present exemplary embodiment, as
described above. In a consumable part such as toner, for
example, a remaining processable job amount can be pre-
dicted relatively simply from a current remaining amount of
the toner and an average used amount of the toner per job.
In a part in which information about an internal state to be
directly linked to 1ts life, such as the remaining amount of
the toner, can be obtained, the remaining processable job
amount may be predicted as a predicted job amount. A
remaining job amount until the part reaches the end of 1ts life
may be predicted not from an average consumed amount per
10ob but based on a regression model such as a linear
regression model.

On the other hand, there 1s a method for previously
collecting, for a part of which remaining job amount until a
failure (sudden failure or an expiration of life) cannot be
simply calculated, internal state data before the failure
occurs as leaning data and predicting the remaining job
amount based on a statistical pattern of the leaning data.
Like 1n a technique discussed in Japanese Patent Application
Laid-Open No. 2008-70800, there 1s a method for predict-
ing, if current internal state data 1s close to internal state data
previously prepared x jobs before the occurrence of a failure,
that the failure occurs after x jobs. In the technique discussed
in Japanese Patent Application Laid-Open No. 2008-70800,
it 1s determined whether a certain type of abnormality occurs
alter x job. This can be used in processing performed by the
tailure prediction unit 112 1n the present exemplary embodi-
ment 1f the 1ssue 1s replaced with whether a failure of a
certain part occurs after x job for. If a failure occurrence time
1s estimated using previously prepared learning data, meth-
ods such as a k-Nearest Neighbor (kNN) method and a
Decision Tree method may also be used. The techniques are
publicly known, and hence detailed description thereof 1s
omitted.

As described above, the failure prediction unit 112 cal-
culates the remaining processable job amount as the pre-
dicted job amount e, , for each of the parts p n each of the
apparatuses n.
<Job Distribution Method Creation Unit>

Processing performed by the job distribution method
creation unit 115 will be described below. In step S302, the
10b distribution method creation unit 115 first selects a part
to be replaced 1n next maintenance according to a predeter-
mined criterion. As described above, the failure prediction
unit 112 calculates a predicted job amount e, , of each part.
The part p 1n the apparatus n, of which the predicted job
amount ¢, , 1s small, 1s to be replaced in next maintenance
because a failure will occur in the near future. Therefore, 1n
the present exemplary embodiment, the part p of which the
predicted job amount e, takes a value smaller than a
predetermined value 1s a part to be replaced 1n next main-
tenance. For each of the parts p 1n the present exemplary
embodiment, the predicted job amount ¢,, takes a value
smaller than a predetermined value.

Calculation of a job distribution method executed 1n step
S303 will be described below. An evaluation value (main-
tenance cost) in the present exemplary embodiment 1s cal-
culated based on a predicted failure occurrence time and a
scheduled maintenance timing. When the failure occurrence
time 1s later than the maintenance timing, as described above
with reference to FIG. 2, the part 1s replaced before being
used to i1ts limit, thereby generating a part cost. On the other
hand, when the failure occurrence time 1s earlier than the
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maintenance timing, there 1s a risk of the occurrence of
downtime, and thus a treating cost such as cost of a visit
made by the service engineer, as needed, 1s required. As
described above, 1f the failure occurrence time 1s far from
the maintenance timing, the maintenance cost rises. There-
fore, the failure occurrence time desirably matches the
maintenance timing as much as possible. In the present
exemplary embodiment, the method for distributing the job
among the plurality of apparatuses 1s calculated for the
purpose ol adjusting the respective job amounts of the
plurality of apparatuses to reduce the maintenance cost.

In the following description, a job distribution method v
1s a vector having job amounts (heremnafter referred to as
processed job amounts) v, to v,, to be respectively executed
per day up to a maintenance timing by the apparatuses 101
to 10N, as elements, as expressed by the following equation

1:

(1)

While the processed job amount v, 1s a job amount to be
processed per day in the present exemplary embodiment,
another criterion may be used. For example, the processed
j0ob amount v, may be a job amount to be processed for a
certain period of time, or a job amount to be processed by
the apparatus n up to the maintenance timing. The job
distribution method v 1s calculated by the following equation
2 using the predicted job amount e, , of each part:

v=(V{,Vs, . . . VA

(2)

In the equation 2, Cost ( ) 1s a function for calculating, for
the part p 1n the apparatus n, a maintenance cost when the
processed job amount of the apparatus n 1s v, . The predicted
job amount ¢, , calculated by the failure prediction unit 112
1s a job amount executable until the part p 1n the apparatus
n fails. According to the equation 2, a combination of the
processed job amounts v, to v,,1n which the sum of respec-
tive maintenance costs of the apparatuses and the parts can
be minimized 1s obtained as the job distribution method v.

The processed job amounts v, to v, need to be consistent
with a total job amount V of all the apparatuses to be
processed up to the maintenance timing, which 1s calculated
by the total job amount prediction unit 113. Therefore, for
such a minimization problem, there 1s a constraint condition
expressed by the following equation 3:

(3)

V:Zm”

D 1s the number of days until the maintenance timing, and
1s a constant because the next maintenance timing 1s previ-
ously determined. The product of D and v, 1s a job amount
to be processed by the apparatus n up to the maintenance
timing. The sum of the respective job amounts of all the
apparatuses need to match the total job amount V predicted
to be processed up to the maintenance timing by all of the
apparatuses.

In addition thereto, another constraint may be placed on
a processed job amount to be calculated. For example, the
processed job amount 1s set as a constraint condition because
it does not take a negative value. If a maximum job amount
v, . which can be processed per day by each of the
apparatuses, exists, each of the processed job amounts v,
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needs to be equal to or less than v, . Putting these together, a constraint as
expressed by the following expression 4 1s placed on the processed job

amount v, of the apparatus n:

(4)

When a minimization problem expressed by the expression
2 1s solved under the constraint condition, the job distribu-
tion method v can be calculated. Details of the maintenance
cost will be described below. In the present exemplary
embodiment, the maintenance cost 1s defined using a qua-
dratic function as expressed by the following equation 5:

O<y =v

Cost(enp, Vi) = QHP(EE _ D)z (3)

n

In the equation 5, D 1s the number of days until the
maintenance timing. If a first term (e, ,/v,,) In parentheses is
d,,, d,, 1s a failure occurrence time (the remaining number
of days) at which a failure i1s predicted to occur in the part
p 1n the apparatus n when the processed job amountis v, . In
the equation 5, a square error of the number of days up to the
maintenance timing and the number of days until the failure
1s set as a maintenance cost.

FIG. 4 illustrates a maintenance cost function expressed
by the equation 5. A maintenance cost 1s obtained as a square
error. Therefore, the larger a deviation from the maintenance
timing D becomes, the larger the cost becomes. A cost
generated when the failure occurrence time d 1s predicted to
be earlier than the maintenance timing D (a region 401 in
FIG. 4) 1s due to the risk of the occurrence of downtime. On
the other hand, a cost generated when the failure occurrence
time d 1s predicted to be later than the maintenance timing,
D (a region 402 in FIG. 4) indicates a part cost generated
when the part 1s replaced with a remaining usable amount of
the part unused.

In the equation 5, «,,, 1s a weight coetlicient for the
maintenance cost of the part p 1n the apparatus n. The degree
of mmportance can be set for each part by the weight
coeflicient o, ,. When high weighting 1s added to a high-cost
part, for example, a job distribution method, which focuses
on a maintenance cost of the high-cost part, can be calcu-
lated. Thus, the high-cost part can be used to its limit, so that
a part cost can be expected to decrease. A part to which
welghting 1s added may not only a high-cost part but also an
important part for an operation of the apparatus. In this case,
welghting 1s conversely reduced for a part having a function
that 1s only partially lost even 1t a failure occurs regardless
of a principal operation of the apparatus. Alternatively,
respective maintenance costs of all the parts may be equiva-
lent to one another without weighting being set.

If the maintenance cost 1s defined by a quadratic function,
the job distribution method v can be calculated in the
following manner. First, the equation 2 i1s rewritten to
express a target function 1(v) by the following equation 6.
Further, a constraint condition in the equation 3 i1s also
rewritten to obtain the following equation 7.

f) =) Costleyy. v) (6)
P.h

g =V -3 Dy, =0 (7)
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The job distribution method v to be an optimum solution 1s
found based on the target function 1{(v) and the constraint
condition. The optimum solution can be calculated when v
and A 1n the following equation 8 are found by a Lagrange’s
method of undetermined multipliers:

VL(v,.M)=Vfv)+AVg(v)=0

<Job Distribution Unit>

The job distribution unit 116 distributes the job, which has
been recerved by the job mput unit 117, among the appara-
tuses 101 to 10N according to the job distribution method v
calculated 1n the foregoing manner. In the present exemplary
embodiment, the job distribution method v 1s calculated as
a j0b amount to be processed by each of the apparatuses per
day. Therefore, the mput job may be distributed so that the
10b amount per day by each of the apparatuses follows the
10b distribution method v.

One job may be distributed among the apparatuses, or a
plurality of jobs may be collectively distributed among the
apparatuses. In an example in which a target apparatus is the
image forming apparatus, like in the present exemplary
embodiment, when one job 1s one print, the apparatus, which
executes the job, 1s selected for each job according to the job
distribution method. If the user 1ssues an 1nstruction to print
a plurality of pages, however, the pages may be respectively
output from the different apparatuses. When a print output 1s
dispersed among the plurality of apparatuses, this 1s 1ncon-
venient for the user. Therelore, a job 1s preferably distributed
so that a bunch of jobs 1s collectively distributed among the
same apparatus. In such a case, the distribution of the job to
be executed by each of the apparatuses 1n a certain period
(e.g., one day) 1s controlled so that the job follows the job
distribution method.

Information about the apparatus at a job distribution
destination, which has been determined by the job distribu-
tion unit 116, may be displayed on a display unit in the
information processing apparatus 100 or a display unit 1n the
other apparatus, to mform the user of the information. In
such a form, the job distribution umt 116 may have a
function of displaying, on the display unit, information
about the apparatus at the distribution destination of the
determined job. The user can confirm the apparatus that
executes the instructed job, and can confirm the apparatus
from which the user takes the print output, for example.

The information about the apparatus at the job distribution
destination may be displayed on the display unit before the
1ob 1s executed, so that the user finally determines the
apparatus that executes the job. Thus, the job distribution
unit 116 recommends the apparatus to be preferentially used
according to the job distribution method, and presents the
recommended apparatus to the user. The user can select the
apparatus, which actually executes the job, based on the
display. Alternatively, the user may also select the apparatu
that actually executes the job without the job distribution
umt 116 particularly selecting the apparatus that actually
executes the job to present the job distribution method 1tself
to the user.
<Processing Timing>

In the present exemplary embodiment, a timing at which
the job distribution method 1s calculated (updated) 1s not
limited to a specific time. For example, the job distribution
method can be calculated (updated) by various methods such
as a method for performing calculation periodically (e.g.,
every day) and a method for performing calculation when a
period of time elapsed until next maintenance reaches a
predetermined period of time. While failure prediction pro-
cessing 1s performed as needed, the job distribution method

(8)
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may be calculated when a part of which predicted job
amount (remaining job amount) 1s small 1s present.

As described above, according to the present exemplary
embodiment, respective evaluation values related to main-
tenance costs for the plurality of apparatuses are calculated,
and a job distribution method of which the maintenance cost
1s minimized 1s calculated based on the calculated evaluation
value. The maintenance cost for the plurality of apparatuses
can be reduced by performing control to distribute the job
among the plurality of apparatuses according to the calcu-
lated job distribution method. An example 1 which the
maintenance cost becomes lower when failure occurs in
cach of the plurality of apparatuses at the same timing 1s
described above. However, depending on a user, there may
exist a case where the productivity 1s more improved so that
the cost becomes lower when any one of the plurality of
apparatuses owned by the user 1s operating. In such a case,
a cost function may be set so that the maintenance cost
becomes higher when the respective timings of the failures
in the plurality of apparatuses are uniform.

Modification to First Exemplary Embodiment

In the above described first exemplary embodiment, the
configuration in which the job distribution method {for
mimmizing the maintenance cost, 1.e., the evaluation value,
1s calculated and the job 1s distributed among the plurality of
apparatuses according to the calculated distribution method
1s described. However, the job distribution method may be
determined not only from the viewpoint of minimizing a
maintenance cost but also from the viewpoint of maximizing,
a user’s advantage. For example, a decrease 1n the risk of the
occurrence ol downtime 1s a user’s advantage. When a part
cost 1s imposed on a user, a decrease in the part cost becomes
a user’s advantage. In other words, when an evaluation value
1s set as a value related to the user’s advantage, the job
distribution method can also be calculated so that the
evaluation value related to the user’s advantage 1s maxi-
mized.

In the above described first exemplary embodiment, a
case where maintenance 1s performed on a plurality of
apparatuses at the same maintenance timing 1s described as
an example. Generally, maintenance work takes time. It 1s
likely that the maintenance work 1s sequentially performed
on the plurality ol apparatuses one by one. Therelore,
different maintenance timings D, may be respectively set for
the apparatuses. FIG. 5 1s a conceptual diagram 1llustrating,
a case where different individual maintenance timings D, are
respectively set for apparatuses. In FIG. 5, D, 1s set as a
maintenance timing ol an apparatus 1, D, 1s set as a
maintenance timing of an apparatus 2, and D,; 1s set as a
maintenance timing of an apparatus N. In other words, there
1s a difference 501 1n the maintenance timing between the
apparatus 1 and the apparatus 2, and the diflerence 501
corresponds to a maintenance work time of the apparatus 1.

In this manner, 1f the diflerent maintenance timings are
respectively set for the apparatuses, a maintenance cost
function represented by the equation 5 1s expressed by the
following equation 9 by respectively replacing a mainte-
nance timing D, which 1s common among all the appara-
tuses, with the maintenance timings D, of each of the
apparatuses:

(2)
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In the equation 9, the job distribution method 1s calculated
so that the closer a failure occurrence time of a part p 1n an
apparatus n becomes to the maintenance timing D, of the
apparatus n, the lower a maintenance cost becomes.

A second exemplary embodiment of the present invention
will be described below. In the first exemplary embodiment,
the part to be replaced at 1n next maintenance 1s determined
betore the job distribution method 1s calculated (step S302
illustrated 1 FIG. 3). On the other hand, 1n the present
exemplary embodiment, a configuration in which a job
distribution method 1s calculated without limiting a part to
be replaced 1n next maintenance, and a part to be replaced
in the next maintenance 1s determined based on the calcu-
lated job distribution method will be described. The con-
stituent elements already described in the first exemplary
embodiment are assigned the same reference numerals, and
hence description thereof 1s not repeated.

FIG. 6 1s a flowchart illustrating a processing flow of an
information processing apparatus 100 according to the pres-
ent exemplary embodiment. In FIG. 6, in step S601, the
failure prediction unit 112 predicts a failure of each part 1n
each of apparatuses, and calculates the job amount ¢, , until
the failure occurs. In step S601, a similar process to that in
step S301 of FIG. 3 1s performed. In step S605, the total job
amount prediction unit 113 calculates a total job amount V
until next maintenance, and a similar process to that in step
S305 of FIG. 3 1s performed.

In the present exemplary embodiment, a maintenance cost
1s calculated for each of all parts p 1n all apparatuses n 1n a
state where the part p to be replaced in the next maintenance
1s not selected. While a maintenance cost represented by the
quadratic function expressed by the equation 3 1s set 1n the
first exemplary embodiment, a maintenance cost function
different therefrom 1s set in the present exemplary embodi-
ment.

In the present exemplary embodiment, a failure occur-
rence time d, , of the part p in the apparatus n 1s obtained
from a predicted job amount ¢,, until a failure and an
assumed processed job amount v, (a job amount per day of
the apparatus n), similarly to the first exemplary embodi-
ment. Then, 1n the present exemplary embodiment, not only
a cost related to the next maintenance but also a cost
generated until maintenance after the next 1s considered.
FIG. 7 illustrates a maintenance cost for the failure occur-
rence time d,, of the part p in the present exemplary
embodiment. In FIG. 7, a timing 710 1s a timing ol next
maintenance, and a timing 720 1s a timing of maintenance
alter the next.

A period 701 corresponds to a period from the current
time to the next maintenance timing 710. In this period, the
part p fails before the next maintenance timing 710, thereby
generating a cost due to a risk of the occurrence of down-
time. The closer the predicted failure time d,,, comes to the
next maintenance timing 710, the lower the cost generated
due to the risk of the occurrence of downtime becomes,
similarly to the cost defined by the quadratic function 1n the
first exemplary embodiment.

A period 702 1s a period during which the larger the
remaining usable amount of the part p to be replaced at the
next maintenance timing 710 1s, 1.e., the later the predicted
failure time d, , becomes than the next maintenance timing
710, the higher a part cost becomes. This 1s also based on a
similar 1dea to that in the first exemplary embodiment. It 1s
considered that the occurrence of downtime should be
avoilded compared to the rise 1n the part cost. The rise 1n the
part cost caused by the failure occurrence time d,,, becoming
far from the next maintenance timing 710 1n the period 702
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1s gentler than the rise in the cost caused by the failure
occurrence time d, , becoming far from the next maintenance
timing 710 1n the period 701.

A period 703 1s a period between the next maintenance
timing 710 and a maintenance timing after the next 702.
When a failure occurs in this period, an unscheduled main-
tenance performed by a service engineer by visiting occurs.
When the predicted failure time d,, lies within this period,
therefore, the maintenance cost increases.

Finally, 11 a period 704 1s a period after the maintenance
timing atter the next 720. If the failure occurrence time d,,
lies within this period, replacement of the part can be
performed at the maintenance aiter the next. In other words,
the maintenance of the part need not be considered for the
time being. Therefore, the maintenance cost of the part 1s
mimmized.

When the job distribution method v 1s calculated based on
the maintenance cost function thus designed, a method for
distributing a job so that a failure occurrence time of each
part lies 1n a period 1n the vicinity of the next maintenance
timing 710 or a period after the maintenance timing after the
next 720 can be obtained. The cost function described with
reference to FIG. 7 1s not limited to this. Any function may
be used 1f a maintenance cost generated until the mainte-
nance timing after the next 720 1s considered. A method for
creating the cost function may be designed by a person from
past performances of the maintenance cost, or may be
automatically designed. While maintenance timings until the
maintenance timing after the next 720 are considered in the
present exemplary embodiment, the job distribution method
v may be calculated from a maintenance cost function
considering three or more maintenance timings based on the
idea about the maintenance costs 1n the periods 702 to 704.
In other words, the present exemplary embodiment 1s widely
applicable to a configuration 1 which the job distribution
method v 1s calculated based on a plurality of maintenance
work timings.

In the present exemplary embodiment, the maintenance
cost of each part 1s calculated based on the cost function
designed 1n the foregoing manner. When the maintenance
cost 1s used, however, the job distribution method v becomes
difficult to analytically find, unlike 1n the first exemplary
embodiment. Therefore, the job distribution method v 1s
calculated using a method for giving an approprate iitial
value to the job distribution method v and searching for an
extreme value of the maintenance cost by repetitive pro-
cessing 1n the present exemplary embodiment. The 1nitial
value of the job distribution method v can include a value
obtained by evenly dividing up the total job amount V
among the n apparatuses.

In the search for the extreme value, the total maintenance
cost 1s calculated using the job distribution method v with
the 1nitial value. The job distribution method v, with a value
in which the mitial value 1s slightly changed, 1s created, to
calculate the maintenance cost again. If the maintenance cost
1s lower than the last one, the current job distribution method
v 1s adopted. When such a loop 1s executed until the
maintenance cost does not change, the optimum job distri-
bution method v can be calculated. If the total job amount V
1s considered, the job distribution method v has a constraint
caused by the total job amount V, as expressed by the
equation 7 1n the first exemplary embodiment. Therefore, 1n
processing for slightly changing the job distribution method
v, a new job distribution method, which satisfies this con-
straint, needs to be created.

In FIG. 6, 1n step S602, the job distribution method
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step S603, the part to be replaced 1n the next maintenance 1s
selected based on the job distribution method v calculated 1n
step S602. In this processing, a failure occurrence time d,
of each part may be calculated from the job distribution
method v and the predicted job amount ¢, , of the part, and
the part of which failure occurrence time d, , 1s close to the
next maintenance timing may be selected as the part to be
replaced in the next maintenance. A functional unit for
notifying a service engineer of information about the part
selected 1n this processing may be provided. The service
engineer, who has received the notification, can previously
prepare the part to be replaced in the next maintenance.

As described above, 1n the present exemplary embodi-
ment, the job distribution method 1s created based on the
cost function considering the maintenance cost generated
until the maintenance after the next. Thus, the job distribu-
tion method suitable for reducing the maintenance cost can
be calculated while the appropriate part to be replaced in the
next maintenance can be selected.

A third exemplary embodiment of the present mnvention
will be described below. In the first and second exemplary
embodiments, a maintenance timing (maintenance date) D 1s
previously determined. In the present exemplary embodi-
ment, a configuration i which an optimum maintenance
timing 1s determined together with a job distribution method
v will be described. Constituent elements already described
in the first and second exemplary embodiments are assigned
the same reference numerals, and hence description thereof
1s not repeated.

In the present exemplary embodiment, a plurality of
maintenance timing candidates 1s previously prepared, and a
maintenance cost and a job distribution method are calcu-
lated for each of the maintenance timing candidates. The job
maintenance method indicating the minimum maintenance
cost 1s selected, and the maintenance timing candidate at that
time 1s selected as a maintenance timing. FIG. 8 1s a
flowchart illustrating a processing flow of an information
processing apparatus 100 according to the present exem-
plary embodiment. In FIG. 8, 1n step S801, a failure pre-
diction unit 112 predicts a failure of each part in each of
apparatuses and calculates a job amount e, , until the failure
occurs, where a similar process to that 1 step S301 1llus-
trated 1n FIG. 3 1s performed. In step S802, the job distri-
bution method creation unit 115 selects the part to be
replaced 1n next maintenance from a prediction result of the
tailure prediction unit 112, where a similar process to that in
step S302 1llustrated 1 FIG. 3 15 performed.

In step S803, one maimntenance timing candidate 1s
selected from among M maintenance timing candidates
previously prepared. The M maintenance timing candidates
are respectively indicated by D', D*, ..., D™, ... D", and
the maintenance timing candidate D™ 1s the number of days
from the current time point to the time at which maintenance
1s performed, for example. The maintenance timing candi-
date can be acquired by listing a plurality of candidate dates
on which next maintenance 1s performed at a user’s conve-
nience or a service engineer’s convenience and calculating
the respective numbers of days up to the candidate dates. In
step S803, the one maintenance timing candidate D™ 1s
selected from among the M maintenance timing candidates.

In step S807, a total job amount V™ until the next
maintenance 1s calculated based on the maintenance timing
candidate D™ selected in step S803. In the first exemplary
embodiment, the total job amount V up to the previously
determined next maintenance timing 1s calculated based on
a period of time until the next maintenance. On the other
hand, 1n the present exemplary embodiment, the total job
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amount V™ until the next maintenance 1s calculated based on
the selected maintenance timing candidate D™. The total job
amount V™ can be calculated based on the past job amount
per day and the number of days until maintenance (the
maintenance timing candidate D™), like in the first exem-
plary embodiment.

In step S804, a job distribution method v for minimizing
a maintenance cost under the condition of the maintenance
timing candidate D™ selected 1n step S803 1s calculated. The
job distribution method can be calculated by a similar
process to that 1n the first exemplary embodiment. More
specifically, a maintenance cost C”, which 1s minimized
when the maintenance timing candidate D™ 1s selected, 1s
calculated 1f a maintenance cost of all of the apparatuses,
which 1s expressed by the equation 6, 1s calculated by the job

distribution method v™ as an input, using the following
equation 11:

C" = Z Cost(eyp, V2, D™) (11)
p.n

A similar function to that 1n the first exemplary embodiment
can be used for a cost function Cost ( ), and hence detailed
description thereof 1s omitted. In step S803, the calculated
job distribution method v™ and maintenance cost C” are
output for the maintenance timing candidate D™, and the
maintenance cost C” in the job distribution method v™ 1s
stored 1n a storage unit of the apparatus, as described above.

In step S805, 1t 1s determined whether processes 1n steps
S804 and S807 have been performed for all the prepared M
maintenance timing candidates. If the processes in steps
S804 and S807 have not been performed for all the prepared
M maintenance timing candidates, the processing returns to
step S803. In step S803, another maintenance timing can-
didate 1s selected. It loop processing 1s performed M times,
and the processes 1n steps S804 and S807 are completed for
all the prepared M maintenance timing candidates, the
processing proceeds to step S806. From the processes so far
described, the calculated job distribution method v™ and
maintenance cost C” are calculated for each of the M
maintenance timing candidates D™,

In step S806, the job distribution method creation unit 115
finally determines a maintenance timing and a job distribu-
tion method. In step S806, a maintenance cost indicating the
smallest value 1s selected among the M maintenance costs
C™. The maintenance timing and the job distribution method
corresponding to the maintenance cost are output.

While the maintenance timing candidates D™ are respec-
tively discrete values as a plurality of maintenance candidate
dates in the present exemplary embodiment, a target to be
searched for an optimum maintenance timing may be a
continuous value. For example, the numbers of days and
hours 1n a predetermined period may be searched for an
optimum timing. In such a case, the predetermined period 1s
divided 1nto appropriate steps such as one day or one hour,
and the number of days and hours 1n each of the steps are set
as the maintenance timing candidates D™. Alternatively, the
maintenance timing candidates D™ may be kept updated
within the predetermined period, to search for the mainte-
nance timing at which the maintenance cost C” 1s mimmized
by repetitive calculation. In this case, the maintenance
timing that can be an appropriate mitial value 1s set 1n a
predetermined period, and the maintenance cost 1s calcu-
lated. The maintenance timing 1s slightly changed within the
predetermined period, to calculate a new maintenance cost.
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If a new maintenance cost 1s lower than the last calculated
maintenance cost, a new maintenance timing 1s adopted.
When this 1s repeatedly performed until the maintenance
timing does not change, an optimum value of the mainte-
nance timing can be calculated.

As described above, according to the present exemplary
embodiment, the optimum maintenance timing 1s deter-
mined from among the plurality of prepared maintenance
timing candidates, and, at the same time, the job distribution
method among the plurality of apparatuses up to the main-
tenance timing can be calculated.

A Tourth exemplary embodiment of the present mnvention
will be described below. In the present exemplary embodi-
ment, 1s for calculating an evaluation value related to a
maintenance cost based on a distribution of failure occur-
rence times predicted for a plurality of parts 1s calculated,
and then a job distribution method is calculated based on the
calculated evaluation value (maintenance cost). In the pres-
ent exemplary embodiment, an optimum maintenance tim-
ing 1s determined using a method different from that 1n the
above described third exemplary embodiment based on the
calculated distribution method. Constituent elements
already described in the first to third exemplary embodi-
ments are assigned the same reference numerals, and hence
description thereof 1s omatted.

FIG. 9 1s a flowchart 1llustrating a processing flow of an
information processing apparatus 100 according to the pres-
ent exemplary embodiment.

In FIG. 9, 1n step S901, the failure prediction umt 112
predicts a failure of each part in each of apparatuses, to
calculate a job amount e, , until a failure occurs. In this step,
a similar process to that in step S301 1llustrated 1n FIG. 3 1s
performed. In step S902, a job distribution method creation
umt 115 selects the part to be replaced 1n next maintenance
from a prediction result of the failure prediction unit 112. In
this step, a similar process to that i step S302 1llustrated in
FIG. 3 1s performed.

In a processing tlow 1n the present exemplary embodi-
ment, repetitive processing 1s performed, to find an extreme
value of an evaluation value and a job distribution method
v at that time. Processes 1n steps S903, S904, 5905, and
S906 are repetitively executed by the job distribution
method creation unit 115. The job distribution method v 1s
calculated in this processing.

In step S903, a total job amount V* up to next mainte-
nance timing and a next maintenance timing D* indicating
the number of days until then, respectively, are set as 1nitial
values for repetitive calculation. A method for setting the
initial values 1s not particularly limited to the above-de-
scribed method. However, the setting 1s performed as
described below, for example. First, the next maintenance
timing D* 1s set based on a previously determined date
according to respective schedules of a service engineer and
a user, similarly to the first exemplary embodiment. The next
maintenance timing D* 1s a temporary schedule as the 1nitial
value. In the present exemplary embodiment, a timing
obtained by correcting the maintenance timing D* 1s output
as a final maintenance timing D. In the following descrip-
tion, “*” indicates a temporary value during repetitive
calculation. When the temporary maintenance timing D* 1s
determined, the total job amount V* to be processed until
maintenance 1s calculated based on a past use tendency,
similarly to the first exemplary embodiment.

Further, 1n step S903, an 1n1tial value of a job distribution
method v* 1s also set based on the total job amount V* and
the next maintenance timing D*. A value obtained when the
total job amount V* i1s uniformly distributed among the
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plurality of apparatuses 1s set as the job distribution method
v*, similarly to the second exemplary embodiment.

In step S904, an evaluation value C* 1s calculated based
on the current job distribution method v* and a job amount
until a failure of each part (a predicted job amount e, ,).
While a cost function related to a maintenance cost 1s
calculated as an evaluation value 1n the first to third exem-
plary embodiments, the evaluation value 1s calculated based
on a distribution of predicted failure occurrence times 1n the
present exemplary embodiment. In a case where an pro-
cessed job amount serving as an element of the job distri-
bution method v* 1s v_*, a predicted failure occurrence time
d* ~of a part p 1n an apparatus n 1s calculated by the
following equation 12, when the predicted job amount is e,
and the processed job amount i1s v, *. The processed jog
amount v, * 1s a job amount per day to be distributed among
the apparatuses n.

(12)

FIG. 10 1s a diagram brietly illustrating an evaluation value
in the present exemplary embodiment. In FIG. 10, a failure
occurrence time d*,  of each of parts 1n the apparatuses 101
to 10N 1s indicated ﬁy a triangle. For example, a time 1001
indicated by a triangle 1s a failure occurrence time d*, 5 of a
part B 1n the apparatus 101. In a lower part of FIG. 10, the
failure occurrence times d*np of the parts are collectively
illustrated on the same time axis. For example, a time 1002
indicated by a triangle corresponds to the time 1001, which
1s the failure occurrence time d*, . of the part B in the
apparatus 101. In a lower part of the FIG. 10, respective
tailure occurrence times of the parts in the apparatuses other
than the apparatuses 101 and 10N are also 1llustrated. In the
present exemplary embodiment, the part to be replaced in

next maintenance 1s selected 1n step S902. Therefore, only
failure occurrence times of the parts to be replaced 1n the
next maintenance are illustrated in FIG. 10.

In FIG. 10, a distribution of the failure occurrence times
of the plurality of parts 1s indicated as a distribution 1003.
In the present exemplary embodiment, an evaluation value
1s calculated based on the distribution. More specifically, a
maintenance timing D* 1s a temporary setting so that, the
maintenance timing D* 1s neglected. A job distribution
method for minimizing a variation (distribution) among the
tailure occurrence times of the plurality of parts 1s calculated
to bring the failure occurrence times close to one another.
Then, the maintenance timing 1s determined based on the
fallure occurrence time predicted from the calculated job
distribution method. Thus, the failure occurrence time can
be brought closer to the maintenance timing, so that a
maintenance cost can be reduced.

To find a job distribution method for reducing the distri-
bution 1003, an evaluation value 1s set below based on a
dispersion a representing the size of the distribution 1003.
The evaluation value C* 1n the job distribution method v* 1s
calculated 1n step S904. The evaluation value C* calculated
from the failure occurrence time d, * tollowing the job
distribution method v, * 1s expressed by the following equa-
tion 13, for example. u* 1s an average of the failure occur-
rence times d, *:

C* = Z (u* —dz,) (13)
np
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The evaluation value C* calculated 1n the foregoing manner,
together with the job distribution method v* at that time, 1s
stored 1n a storage unit 1n the information processing appa-
ratus 100.

In step S906, the job distribution method v* 1s updated by
changing the job distribution method v* to a value 1n 1ts
vicinity to adjust a parameter in a next loop. The job
distribution method v* to be changed 1s changed within a
range 1n which 1t 1s consistent with the total job amount V*.
In other words, a new job distribution method v* 1s created
on the condition that the sum of respective job amounts of
the apparatuses up to the maintenance timing D* matches

the total job amount V*.

If the updated job distribution method v* 1s obtained, the
processing returns to step S904 again. In step S904, the
evaluation value C* 1s calculated. When the job distribution
method v* changes, the failure occurrence time d*, , also
changes. Therefore, the dispersion o (the evaluation value
C*) also changes. If a new evaluation value thus obtained 1s
smaller than the previous evaluation value (if a distribution
of the failure occurrence times i1s small), the new job
distribution method v* 1s adopted, and the new evaluation
value C* and the job distribution method v* are stored. On
the other hand, if the new evaluation value 1s larger than the
previous evaluation value, not the new job distribution
method v* but the last job distribution method 1s adopted.

The foregoing processing 1s repeatedly performed until it
1s determined 1n step S90S that a loop ends, to find the job
distribution method v* for reducing the evaluation value C*.
If the processing proceeds to step S906 (if the loop does not
end) as a result of the determination 1n step S90S, a new job
distribution method 1s created again based on the current job
distribution method v*, to calculate the subsequent evalua-
tion value 1s adopted.

In step S903, it 1s determined whether the loop ends. In
the determination i step S9035, the previous evaluation
value and the current evaluation value are compared with
cach other. IT a difference therebetween becomes sufliciently
small (the difference becomes smaller than a predetermined
threshold value) to converge, 1t 1s determined that the loop
ends. A predetermined upper limit number of times of the
loop may be determined, and it may be determined that the
loop ends 1 the number of times of the loop reaches 1ts upper
limat.

In step S907, the final job distribution method v* calcu-
lated by the above described repetitive processing 1s set as
a final job distribution method v. A maintenance timing D 1s
determined from the job distribution method v. More spe-
cifically, a failure occurrence time d, , 1s calculated from the
job distribution method v and the predicted job amount €,
of each part using the equation 12. An average of the failure
occurrence times d,  1s set as a next maintenance timing D.
The average 1s set as the next maintenance timing because
it can be the center of the distribution of the failure occur-
rence times, so that 1t 1s expected that a deviation between
each of the failure occurrence times d,,, and the maintenance
timing D becomes small. Alternatively, as another method,
the maintenance timing D may be set from another statistic
such as a median value of the failure occurrence time.
Alternatively, to prevent the occurrence of downtime, a
failure occurrence time during which a failure 1s predicted to
occur at a time closest to the current time point or a timing
immediately before the failure occurrence time may be the
maintenance timing D. A more appropriate maintenance
timing D than the maintenance timing D* that 1s the mnitial
value can be set in the above described processing.
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As described above, 1n the present exemplary embodi-
ment, the evaluation value 1s calculated based on the distri-
bution of the failure occurrence times, and the job distribu-
tion method v and the maintenance timing D are calculated
based on the calculated evaluation value. Thus, an optimum
maintenance timing and a method for distributing a job
among a plurality of apparatuses up to the maintenance
timing can be determined.

The job distribution method v and the maintenance timing,
D calculated 1n the above description may be further updated
by setting the maintenance timing D as the maintenance
timing D* that 1s the imtial value again and performing
processes 1n steps S904, S905, 5906, and S907. In this case,
repetitive calculation for updating the maintenance timing,
D* that 1s the mmtial value 1s performed until the job
distribution method v or the maintenance timing D does not
change, to calculate the job distribution method v or the
maintenance timing D. Thus, the more optimized job dis-
tribution method and optimized maintenance timing can be
determined.

The above described configuration enables the mainte-
nance cost for the plurality of apparatuses to be reduced in
the present invention.

Other Embodiments

Embodiment(s) of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory
computer-readable storage medium’) to perform the func-
tions of one or more of the above-described embodiment(s)
and/or that includes one or more circuits (e.g., application
specific integrated circuit (ASIC)) for performing the func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s) and/or controlling the one or more
circuits to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to read
out and execute the computer executable instructions. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing systems, an optical disk (such as a compact disc (CD),
digital versatile disc (DVD), or Blu-ray Disc (BD)™), a
flash memory device, a memory card, and the like.

While the present invention has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 20135-099468, filed May 14, 2015, which 1s

hereby incorporated by reference herein in its entirety.

What 1s claimed 1s:
1. An information processing apparatus comprising:
one or more processors; and
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one or more memories storing instructions that, when
executed by the one or more processors, cause the
information processing apparatus to perform operations
comprising;:
predicting, for at least one of a plurality of parts 1n a
plurality of apparatuses, the apparatuses each capable
of processing an mput job and each communicably
connected to the information processing apparatus over
a computer network, a job amount that 1s able to be
processed until the part becomes unable to operate
normally;
selecting, based on the predicted job amount, at least one
of the parts to be replaced at a scheduled maintenance
timing from among the at least one of the plurality of
parts;

predicting a total job amount to be processed by the

plurality of apparatuses up to the scheduled mainte-
nance timing on a basis of a job amount processed 1n
the past by each of the plurality of apparatuses and on
a basis of a period of time left until the scheduled
maintenance timing;

calculating an evaluation value based on the total job

amount, the job amount that 1s able to be processed
until the selected at least one of the parts becomes
unable to operate normally, and a job amount processed
by the selected at least one of the parts per unit period
of time;

determiming a distribution method for distributing the

input job among the plurality of apparatuses based on
the evaluation value; and

transmitting over the computer network the input job to

the plurality of apparatuses according to the determined
distribution method.

2. The mmformation processing apparatus according to
claam 1, wherein the calculating calculates the evaluation
value related to a maintenance cost of the selected at least
one of the parts.

3. The mnformation processing apparatus according to
claiam 2, wherein the calculating calculates the evaluation
value based on a weight set to the selected at least one of the
parts.

4. The information processing apparatus according to
claim 2, wherein the calculating calculates the evaluation
value based on timings at which a plurality of maintenance
works are performed.

5. The mmformation processing apparatus according to
claim 4, wherein the selecting selects at least one parts to be
replaced at the timing at which the next maintenance work
1s performed among the timings at which the plurality of
maintenance works are performed.

6. The information processing apparatus according to
claiam 2, wherein the calculating calculates the evaluation
value for each of candidates for the respective timings of the
plurality of maintenance works, determines the timing of the
maintenance work based on the calculated evaluation value,
and the determining determines a method for distributing the
input job up to the timing of the maintenance work.

7. The information processing apparatus according to
claam 1, wherein the timing of the maintenance work 1s
individually set for each of the plurality of apparatuses.

8. The mnformation processing apparatus according to
claim 2, wherein the maintenance cost increases as a difler-
ence between the scheduled maintenance timing and a
timing at which the selected at least one of the parts becomes
unable to operate normally increases.

9. The mmformation processing apparatus according to
claim 1, wherein the determiming determines the distribution
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method based on a distribution of respective timings at
which the plurality of parts becomes unable to operate
normally.
10. The information processing apparatus according to
claim 1, wherein a maintenance cost includes a cost gener-
ated when the part has not been used until it 1s replaced and
a cost generated when the part becomes unable to operate
normally before 1t 1s replaced.
11. The mmformation processing apparatus according to
claim 1, wherein the information processing apparatus 1s an
image forming apparatus, and the input job 1s print data
processed by the image forming apparatus.
12. The information processing apparatus according to
claim 1,
wherein the operations further comprises dividing data
included in the input job mto a plurality of portions
based on the determined distribution method, and

wherein the transmitting transmits over the computer
network the portions of the mput job to the plurality of
apparatuses according to the determined distribution
method.

13. The mformation processing apparatus according to
claim 1, wherein, 1n the selecting, at least one of the parts the
predicted job amount of which 1s smaller than a predeter-
mined threshold value 1s selected from among the at least
one of the plurality of parts.

14. An information processing method comprising:

predicting, for at least one of a plurality of parts 1 a

plurality of apparatuses, the apparatuses each capable
of processing an mput job and each communicably
connected to the information processing apparatus over
a computer network, a job amount that 1s able to be
processed until the part becomes unable to operate
normally;

selecting, based on the predicted job amount, at least one

of the parts to be replaced at a scheduled maintenance
timing from among the at least one of the plurality of
parts;

predicting a total job amount to be processed by the

plurality of apparatuses up to the scheduled mainte-
nance timing on a basis of a job amount processed 1n
the past by each of the plurality of apparatuses and on
a basis of a period of time left until the scheduled
maintenance timing;

calculating an evaluation value based on the total job

amount, the job amount that is able to be processed
until the selected at least one of the parts becomes
unable to operate normally, and a job amount processed
by the selected at least one of the parts per unit period
of time;

determining a distribution method for distributing the

input job among the plurality of apparatuses based on
the evaluation value; and

transmitting over the computer network the input job to

the plurality of apparatuses according to the determined
distribution method.

15. A non-transitory computer-readable storage medium
for storing nstructions that, when executed, cause an infor-
mation processing apparatus to perform a process compris-
ng:

predicting, for at least one of a plurality of parts 1n a

plurality of apparatuses, the apparatuses each capable
of processing an mput job and each communicably
connected to the information processing apparatus over
a computer network, a job amount that 1s able to be
processed until the part becomes unable to operate
normally;
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selecting, based on the predicted job amount, at least one
of the parts to be replaced at a scheduled maintenance
timing from among the at least one of the plurality of
parts;

predicting a total job amount to be processed by the
plurality of apparatuses up to the scheduled mainte-
nance timing on a basis of a job amount processed 1n
the past by each of the plurality of apparatuses and on
a basis of a period of time left until the scheduled

maintenance timing;

calculating an evaluation value based on the total job
amount, the job amount that 1s able to be processed
until the selected at least one of the parts becomes
unable to operate normally, and a job amount processed
by the selected at least one of the parts per unit period
of time;

determining a distribution method for distributing the
input job among the plurality of apparatuses based on
the evaluation value; and

transmitting over the computer network the input job to
the plurality of apparatuses according to the determined
distribution method.

16. An mnformation processing apparatus comprising:

one or more processors; and

one or more memories storing instructions that, when
executed by the one or more processors, cause the
information processing apparatus to perform operations
comprising;:

predicting for at least one of a plurality of parts 1 a

plurality of apparatuses, the apparatuses each capable

of processing an mput job and each communicably
connected to the information processing apparatus over
a computer network, a job amount that 1s able to be
processed until the part becomes unable to operate
normally;

predicting a total job amount to be processed by the
plurality of apparatuses up to a next maintenance
timing on a basis of a job amount processed 1n the past
by each of the plurality of apparatuses and on a basis of
a period of time left until the next maintenance timing;

calculating, at each of a plurality of scheduled mainte-
nance timings, an evaluation value based on the total
10b amount, the job amount that 1s able to be processed
until the selected at least one of the parts becomes
unable to operate normally, and a job amount processed
by the selected at least one of the parts per unit period
of time;

determining a distribution method for distributing the
input job among the plurality of apparatuses based on
the evaluation value;

selecting, based on the determined distribution method, at
least one of the parts to be replaced at the next
maintenance timing out of the plurality of scheduled
maintenance timings from among the at least one of the
plurality of parts; and

transmitting over the computer network the input job to
the plurality of apparatuses according to the determined
distribution method.

17. An mformation processing method comprising:

predicting for at least one of a plurality of parts 1 a

plurality of apparatuses, the apparatuses each capable

of processing an mput job and each communicably

connected to the information processing apparatus over

a computer network, a job amount that 1s able to be

processed until the part becomes unable to operate

normally;
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predicting a total job amount to be processed by the
plurality of apparatuses up to a next maintenance
timing on a basis of a job amount processed 1n the past
by each of the plurality of apparatuses and on a basis of
a period of time left until the next maintenance timing;
calculating, at each of a plurality of scheduled mainte-
nance timings, an evaluation value based on the total
10b amount, the job amount that 1s able to be processed

until the selected at least one of the parts becomes
unable to operate normally, and a job amount processed
by the selected at least one of the parts per unit period
of time;

determining a distribution method for distributing the
input job among the plurality of apparatuses based on
the evaluation value;

selecting, based on the determined distribution method, at
least one of the parts to be replaced at the next
maintenance timing out of the plurality of scheduled
maintenance timings from among the at least one of the
plurality of parts; and

transmitting over the computer network the input job to
the plurality of apparatuses according to the determined
distribution method.

18. A non-transitory computer-readable storage medium

for storing nstructions that, when executed, cause an infor-

mation processing apparatus to perform a process compris-

ng:

predicting for at least one of a plurality of parts in a
plurality of apparatuses, the apparatuses each capable

5

10

15

20

25

24

of processing an mput job and each communicably
connected to the information processing apparatus over
a computer network, a job amount that 1s able to be
processed until the part becomes unable to operate
normally;

predicting a total job amount to be processed by the
plurality of apparatuses up to a next maintenance
timing on a basis of a job amount processed 1n the past
by each of the plurality of apparatuses and on a basis of
a period of time left until the next maintenance timing;

calculating, at each of a plurality of scheduled mainte-
nance timings, an evaluation value based on the total
10b amount, the job amount that 1s able to be processed
until the selected at least one of the parts becomes
unable to operate normally, and a job amount processed
by the selected at least one of the parts per unit period
of time;

determining a distribution method for distributing the
input job among the plurality of apparatuses based on
the evaluation value;

selecting, based on the determined distribution method, at
least one of the parts to be replaced at the next
maintenance timing out of the plurality of scheduled
maintenance timings from among the at least one of the
plurality of parts; and

transmitting over the computer network the input job to

the plurality of apparatuses according to the determined
distribution method.
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